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Objective: To report the cost of placement and complications related to osseointegrated bone-conducting hearing prostheses (OBHPs) in a Medicare population.
Materials and Methods:
We performed a retrospective analysis of nationwide Medicare claims data for operative and nonoperative complications associated with the placement of percutaneous OBHPs between the first quarter of 2007 and the second quarter of 2009 for which there were 6 subsequent quarters of follow-up. We used Medicare Standard Analytical Files (SAF), which contain a 5% random sample of Medicare fee-for-service beneficiaries, excluding those that also were enrolled in a managedcare organization. Results: We identified 118 patients who had OBHPs placed in the requisite period. Their complication billing data were analyzed for the six-quarters after initial placement. Seventy patients (59%) had no billing codes for complications or repeat procedures after receiving the implant, whereas 48 patients (41%) had such codes.
The total adjusted mean cost with repeat/revision operations or complications was $7,812 per patient compared with $6,733 for those without these issues, an increase of $1,079 or 16%. Discussion: We estimate that complications associated with the implantation of percutaneous OBHPs led to $417,616 in additional costs in the entire Medicare fee-for-service population during the study period and that the total cost of placement of these devices together with the cost of their complications totaled $6,789,248. In conclusion, the Medicare SAF database suggests that complications associated with OBHP increased the overall cost of placement by 16%. Like all surgical procedures, these complications and their associated costs should be taken into account when considering treatment options for patients who experience hearing loss. Key Words: BoneAnchored Hearing AidVComplicationsVCostVOsseointegrated hearing device. Otol Neurotol 00:00Y00, 2013.
Osseointegrated bone-conducting hearing prostheses (OBHPs) are very effective tools to treat patients who have conductive or mixed hearing loss but who cannot be effectively rehabilitated using standard surgical techniques or conventional hearing aids. Patients with chronically draining ears, canal atresia, congenital defects, surgically absent lateral temporal bone, and single-sided deafness may all fall into this category. In addition, these devices are commonly used in patients with unilateral sensorineural deafness (1, 2) .
The most commonly used OBHP devices (the BoneAnchored Hearing Aid, or BAHA, Cochlear Corp; Sydney, Australia; and Ponto, Oticon Medical; Copenhagen, Denmark) transmit sound from a processor percutaneously through a titanium post that is osseointegrated in the temporal bone. Multiple previous studies have shown that patients experience improved hearing and quality of life with these devices (2Y4). However, the devices are also associated with potential complications. A majority of the reported complications associated with these OBHP implants are due to the skin-implant interface. The most common complications identified in previous studies include skin reactions, implant infections, soft tissue overgrowth of the abutment, failure to osseointegrate, the need for revision surgery, loss of the implant, and abandonment of the implant (1,2,5Y11). There are newer devices that transmit sound transcutaneously, avoiding problems associated with the percutaneous abutment and their associated complications (12, 13) . However, because these later devices are relatively new, few long-term data are available on their efficacy and complication rates.
The goal of this study is to analyze the overall costs that are associated with complications from percutaneous OBHP placement. To accomplish this, we estimated these costs by analyzing a large, nationwide database of claims data from a Medicare population, which includes a 5% random sample of beneficiaries claims of U.S. citizens aged 65 years or older and those with disability. This database has been used extensively as a comprehensive snapshot of health-care use and expenditures among the elderly in the United States in many fields of medicine ranging from cardiac surgery to internal medicine (14Y16). Our analysis was confined to percutaneous OBHP devices because long-term data only exists for these devices. From this database, we estimate that complications associated with percutaneous OBHP placement results in 16% added costs over an 18-month period after surgery in the Medicare population.
MATERIALS AND METHODS

Data Source
This was a retrospective, longitudinal study using Medicare Standard Analytic Files (SAFs) provided by the Centers for Medicare and Medicaid Services. The SAFs contain a 5% random sample of beneficiaries claims, which includes U.S. citizens aged 65 years or older, those eligible for disability, and/or subjects with end-stage renal disease. Excluded are beneficiaries who are also enrolled in a managed-care organization. The SAFs are constructed from weekly data submissions to the National Claims History 100% Nearline File. The SAF database includes medical claims submitted for laboratory tests, inpatient hospital stays, outpatient care, physician care, skilled nursing facility care, home health care, durable medical equipment use, hospice care, and a denominator file that includes beneficiaries' demographic characteristics (age, sex, race, etc.).
In this study, quarterly beneficiary claims data from the different claims setting were linked via encrypted beneficiary identification numbers at each beneficiary level and followed longitudinally from initial placement and tracked each patient's records for 6 subsequent quarters. were the result of the hearing prosthesis implantation, complications were excluded if they had significant otolaryngologic related diagnoses including underlying malignancies affecting the ear including otologic cancers, bone and connective tissue malignancies of the face, melanoma and other skin cancers of the ear, cranial nerve and meningeal cancers, and other benign neoplasms of similar areas including neurofibromatosis (see Appendix for ICD-9 codes). Complications were also excluded if the patient had billing codes for other significant otologic surgeries, including radical excision of external auditory canal, temporal bone resection, labyrinthectomy, vestibular nerve section, facial nerve decompression, internal auditory canal decompression, or temporal bone tumor resections (see Supplemental files for CPT codes, http://links.lww.com/MAO/A167). To ensure that only complications associated with the surgical procedure were included, complications were excluded if the submitting provider was a podiatrist. Lastly, 1 inpatient hospital stay was identified with an unusually high billing and was therefore excluded from analysis as an extreme outlier because it was felt the costs were not likely associated with OBHP placement. Demographic data were tabulated including age, sex, and race as well as the total number of complications billing codes per patient.
Study Population and Baseline Characteristics
Study Outcomes
We compiled a list of events identified as complications associated with OBHPs. These events included diagnoses such as skin infection, skin reaction, and wound dehiscence, and procedures such as debridement, skin excision, wound repair, and treatment of abscess. These were identified using selected ICD9 and CPT codes (see Appendix). We summarized the number of complications, time to complication, and allowed charges per complication. The study also identified repeat or revision implantation operations within the six-quarter follow-up period and included these in the cost analysis.
RESULTS
Study Cohort and Baseline Characteristics
The SAF database contained 2,651,558 Medicare beneficiaries covering the first quarter of 2007 through the second quarter of 2009. Of these, we identified 151 patients who had an OBHP procedure or approximately 0.006% of the Medicare population. We excluded 33 patients who did not have six-quarters of continuous enrollment in Medicare Parts A and B. This resulted in a patient sample of 118 who underwent a total of 126 surgical placements. Among these patients, 70 patients (59%) had no further billing codes related to complications or revision/replacement procedures. The remaining 48 beneficiaries (41%) had billing codes for these events (Fig. 1) .
Demographic characteristics, including age, sex and race, were used to compare our study sample to the SAF population as a whole. The groups were similar in terms of an approximate equal proportion of men and women, the predominance of white race, and an age range primarily between 65 and 80 years. One difference was that blacks compromised less than 1% of our study sample but 10% of the SAF database. In addition, the number of complication codes per patient was about 2.5 times greater in the study group compared with the SAF population as a whole (Table 1) .
Cost of Nonrevision Complications
A total of 48 of the 118 patients (41%) had billing codes associated with nonrevision surgical complications. Of these 48 patients, a total of 115 claims were submitted, resulting in $41,712 in costs. The most common complication was skin infection, which was seen in 19 (16%) of the study patients and resulted in $4,643 in costs. Nineteen patients (16%) had claims for skin flaps, skin grafts, or adjacent tissue transfer costing a total of $37,062 (Table 2) .
Although the number of patients and claims for complications remained relatively stable during the six-quarter follow-up period, the sum of costs for complications was greatest during the initial quarter and the quarter following the surgical placement. Costs decreased markedly during the remainder of the follow-up period (Fig. 2) .
Cost of Revision Surgery Complications
A total of 8 of 118 patients (7%) had billing codes indicating revision surgical complications. The 8 patients submitted 12 claims, resulting in $39,319 in costs ( Table 3 ). The number of claims and costs did not follow any obvious trends during the six-quarter follow-up period (Fig. 3) .
Overall Costs of Complications
Overall for the 118 patients identified in the SAF database who received OBHPs and who were enrolled during the six-quarter follow-up period, 70 (59%) had no further billing codes for complications or revision surgery, whereas 48 (41%) did have billing codes for complications. Of the 70 patients without complications or repeat operations, the total allowed charges were $471,305 or a mean of $6,733 per patient. Of the 48 patients with complications or repeat operations, the total allowed charges were $374,987 or a mean of $7,812 per patient. The mean increase per patient in the group with complications or repeat operations was $1,079 or a 16% increase in this population (Table 4) . Because the dataset represents a random sampling of 5% of the Medicare population, one can estimate that the 118 OBHPs implanted over 2.5 years in this study represents, 2380 implants in the entire Medicare population over this same period or approximately 944 OBHP implantations per year among the nationwide Medicare population during the study period. Complications were seen in 41% of the patients, with an average increase in cost of $1,079 per patient. Therefore, we estimate that complications associated with OBHPs led to $417,616 in additional allowed charges in the entire Medicare feefor-service population yearly during our study period. Based on $7,192 in average total charges per patient with OBHPs and an estimated 944 cases per year in the Medicare population, we further estimate that the cost of placement together with the cost of complications is $6,789,248 in the entire Medicare population during our study period.
DISCUSSION
Percutaneous OBHPs are an effective treatment for patients with conductive hearing loss who cannot use conventional hearing aids or who have single-sided deafness. However, as multiple prior studies have documented, placement of these devices is associated with potential complications (1,2,6,8Y11,17Y18 ). This observational, retrospective study followed patients from the initial implantation of the percutaneous OBHP through the six-quarters (18 mo) after initial placement. The study used a population-based, nationally representative claims database to estimate the economic implications of initial implantation, complications, and repeat procedures associated with these devices in the Medicare population during the 2.5-year period from the first quarter 2007 until the second quarter 2009 with a subsequent 1.5-year follow-up period.
Our data source represents a random sampling of 5% of the Medicare population, which can be used to extrapolate to the entire Medicare fee-for-service population during the same period. Based on these numbers, we estimate that 944 OBHP implantations were performed yearly among the nationwide Medicare population during the study period, with an average increase in cost of $1,079 per patient from complications or roughly $417,616 total additional allowed charges. The total cost of placement together with the cost of complications is approximately $6,789,248 in the entire Medicare population during our study period. There is a wide variability of complication rates in the published medical literature associated with OBHPs. For example, the need for revision surgery has been reported as low as 1.3% by Wazen et al. (9) and as high as 18% by Badran et al. (8) . Soft tissue reactions have been reported as low as 4.5% by Wazen et al. (9) and as high as 70% (mostly mild) by Reyes et al. (5) . This problem has been highlighted by Tjellstrom and Stalfors (10) who explain that studies often suffer from poor follow-up and incomplete data. In this study, we identified a 6.8% revision surgery rate, which falls within the published range. We also report a 37% rate of complications not requiring revision surgery, which is also within the published range and very similar to the 36% of skin reactions among U-shaped grafts reported by Stalfors and Tjellstrom (11) .
Although several previous studies have reported on the complication rates associated with these procedures, this study represents the first attempt to estimate the total costs of percutaneous OBHPs including postoperative complications and management. Knowledge of the total costs associated with OBHPs can be useful to both physicians and patients in choosing an appropriate treatment plan. In addition, this information will be helpful in future costeffectiveness studies. Toward this end, similar studies of the total costs associated with other surgically implantable devices for hearing rehabilitation (e.g., transcutaneous OBHPs, cochlear implantation, implantable middle ear hearing aids, and other hearing-related procedures) should also be considered.
We acknowledge several limitations in this study. First and foremost, the Medicare SAF data are derived from billing data that were not originally designed for use in clinical research. Any complication that was not billed to Medicare cannot be accounted for, potentially underestimating the costs of OBHP placement. In addition, the patients in the SAF database represent only the population using Medicare fee-for-service, which limits the ability to generalize to the wider U.S. population, particularly with regard to pediatric patients.
One potential area where this study may lead to an overestimation of the overall costs associated with complications from OBHPs relates to the billing codes used to capture data, inadvertently including complications unrelated to the implanted devices. We chose a set of ICD-9 and CPT codes that represent common complications from implantation. However, we acknowledge that these codes may have occasionally been used for unrelated medical problems in our study patients. We attempted to control for this by excluding all claims made by podiatrists, while leaving in claims made by otolaryngologists and other medical and surgical specialties. Also excluded from the analysis were patients with diagnostic codes indicating an underlying disease that may generate independent charges (e.g., otologic cancers, bone and connective tissue malignancies of the face, melanoma, and other skin cancers of the ear) and if the patient had billing codes for other significant otologic surgeries (e.g., lateral temporal bone resection). Last, we identified 1 inpatient hospital stay that had an unusually high billing and excluded it from analysis as an extreme outlier, with charges likely unrelated to the OBHP. As documented in Table 1 , the complication billing codes were used 2.5 times more frequent among patients who received device implantation than in the wider SAF population, suggesting that the claims were a result of their implantations rather than of baseline billing patterns.
An additional group where complication costs may be overestimated includes those with repeat operations because these surgeries may represent implantation of a second contralateral OBHP and not a failure of the first implant. Although there is unfortunately no way to identify contralateral implantations in our data source, bilateral osseointegrated implantation remains uncommon (G5% of cases) (19) , and even in those cases where bilateral implants are placed, this is most commonly performed during the same initial operative procedure; thus, we believe this does not significantly alter our findings. There are also several areas where the methodology used may underestimate the overall cost associated with complications for OBHPs. Although the set of complication codes was chosen based on an understanding of common postoperative complications reported in the literature, they may not be representative of all the complications in our study sample. Other ways our study may have underestimated the overall costs include claims made within the global period and outYof-pocket expenses including co-pays or Medicare Part D claims, all of which are not captured in the database.
In addition, although the Medicare SAF database represents complete data from 5% of the Medicare fee-forservice population, there is evidence of incomplete billing in the data.
Because of the nature of a retrospective analysis, the costs reported in our analysis do not reflect current dollar values. The costs reported in current dollar amounts would be higher. For example, the average Medicare payment for OBHPs and related services in our study group from 2007 to 2009 was $7,192 per patient and we estimate that given the 2013 Medicare fee schedule rates, the average per-patient payment would be $11,151, an increase of $3,959.
There is a newer generation of surgically implanted OBHPs that have recently been released that transmit sound transcutaneously, as opposed to percutaneously (12, 13) . Unfortunately long-term data do not yet exist for these devices to allow an appropriate comparison with percutaneous devices, although one would predict a reduced incidence of skin-related complications and their associated charges. Whether these transcutaneous devices are associated with other complications not seen, offsetting cost savings from reduced skin complications remains to be seen.
CONCLUSION
This study presents an analysis of the costs associated with placement and complications related to percutaneous OBHPs. Such complications are common, and treating these postoperative conditions has led to significant spending in the Medicare population. This is essential information for physicians who must ascertain costs as they pursue appropriate treatments for their hearingimpaired patients.
